The purpose of data archives is not only to store data materials for posterity, but alsoand equally importantto fulfil the needs of the present users. The growing demand for studies along with a number of other factors force the data archives to change their strategy for retrieval and dissemination of studies in order to serve their customers in the bestand cheapestway possible. This calls for effectiveness and new thinking in the retrieval and dissemination procedures. This paper outlines the state-of-the-art at the Danish Data Archives (DDA) by describing the format of machine-readable records and the present utilization of machine-readable documentation at the archive. A projection of the growing service rate shows the pressing need for a more effective system for direct servicing of the users, the idea being to integrate the study description, the variable documentation and the data and as the distributing medium use CD-ROMs, as the production costs are reasonable. The remaining problem is obtaining or financing the development costs of a suitable retrieval system. These will most probably be rather high, and as probably a lot of archives have the same need for a retrieval system, it could be a good idea for the archives to cover the development costs between them.
Background: Machine-Readable Records
To ensure the right perspective 1 shall shortly outline the records kept at the DDAl The data are social science quantitative investigations (typically surveys). After the processing at the archive of the raw data and the (typically) paper documentation (questionnaire, coding instructions, reports etc.) each survey consists of three files:
Documentation of the study (study description) Rectangular (flat) character data file Documentation of the variables The files of the finished survey Study description I shall not go into details about the study description. Discussions concerning item numbers, subitem numbers and especially the introduction of new item numbers have been the subject for discussion at many earlier lASSIST conferences. The "Standard Study Description Scheme" has gradually been improved^but it is still close to the original scheme agreed upon more than ten years ago*. The scheme is used at several archives'. At the DDA all study descriptions are maintained in both a Danish and an English version.
The actual format and the many items makes the Standard Study Description scheme a rather complex instrument. The design is specifically intended to be a machine-readable record at the study level. The study description format contains coded as well as text information. It is of importance that there is no limitation to the amount of text in the text fields.
The project of making a complete description of the fields in the variable documentation lies outside the scope of this paper, so the Ust below shows only a selection of possible fields. The list shows that the documentation provided by the most widely used social science data packages (SAS and SPSS'') The most important field for the user is the QUESTION field consisting of free text description exactly as it appeared in the questionnaire. This field provides opportunity for performing full text retrieval. Neither SAS nor SPSS are capable of storing and utilizing the complete questionnaire text. The only field for giving a text description of the variable is the variable label. The label in both packages is in practice* limited to 40 characters resulting in definitions like:
The variable label, 40 characters 40 characters is not muchi The variable INCOME actually covers "Personal average monthly payment on main job, after taxation, in Danish Kroner, April 1988-April 1989". This is certainly not a lot of text for a questionnaire text or a created variable, but even then this cryptic label presented above is a common result when the text is restricted to 40 characters. This is one of the reasons for the DDA to use the data-archaic format provided by OSIRIS'. The format was developed by the ICPSR. The virtues of the OSIRIS codebook format is that there are no limitations to the amount of description for each variable. There can be several lines describing the variables and the categories. There can even be references to notes.
The format uses a sort of tag in the first column of each "card" -yes, it is that oldto identify which portion of the variable documentation is described: The OSIRIS codebook types Using the format will result in a variable description looking like the following. This is certainly not as straightforward as the syntax used by SAS or SPSS. But normally this lay-out is not written by human beings. A machine-readable format of this complexity and rigidity is best written by machines. In the actual production of machine-readable documentation at the DDA a pre-processor software is used. T0093 EEC VOTE TODAY 018400020 0100000090000009 Q00930093 If there was a referendum on joining the EEC today would K0093 you vote yes or no?
In the Danish Election Study, 1975 "Don't know" is included in "4. Don't want to answer". VARIABLE BASIS PRE 1971 : -POST 1971 : -DES 1973 : 157 DES 1975 :90 DES 1977 : 211 DES 1979 : 166 DES 1981 :259 1971 -1 1971 -2 1973 1975 1977 1979 1981 X0093  K0093   J0093   K0093  K0093  K0093  K0093  K0093  K0093  K0093  X0093  K0093  K0093  K0093  K0093  K0093  K0093  K0093  K0093  K0093  K0093  K0093  C0093  F0093   C0093  F0093   C0093  F0093   C0093  F0093   C0093  F0093   C0093  F0093   C0093  F0093   100 The OSIRIS software itself has not been used for many years at the DDA, only the format lives on. But around this format a great many procedures and programs have been developed for checking the data against the documentation, for presenting the documentation, and for further utilizing the documentation.
Utilization of Machine-Readable Documentation
The main reason for the production of machine-readable documentation is the reuse of information. Safely stored documentation can be used in a variety of ways. This chapter describes the current activities at the DDA. The present status implies Summer 1991 some inexpediencies that will be clarified in details in the next chapter.
Printout
Conversion to other formats for analysis
Retrieval Dissemination
The utilization of machine-readable documentation Most of these evident virtues of machine-readable documentation goes for the study level (the study description) as well as the variable level (the codebook).
Printoui
In compiling a complete documentation a printout of the study description in a readable format (for human beings) is placed as an introduction to the codebook. Printouts of several studies form a catalogue. As the study descriptions are rather voluminous, a catalogue of study descriptions normally includes only the most important items, but the entries are heavily indexed (by persons, subjects, and keywords). However, it is expensive to produce printed catalogues, and it is difficult to keep up with the immediate obsolescence of the catalogue.
To make a printout at the variable level is rather straightforward. The problem is to make the documentation as accessible as possible to the user. Most of the inconvenience of the rigid OSIRIS format is overcome by getting rid of the redundant information in the codebook'5 0 {ASSIST Quarterly DDA-0658 Danish Election Studies, Continuity File 1971 -1981 VAR.93 EEC VOTE TODAY start pos. 184, missing data: = 9 or >= 9
If there was a referendum on joining the EEC today would you vote yes or no?
In the Danish Election Study, 1975 "Don't know" is included in "4. Don't want to answer". -1 1971-2 1973 1975 1977 1979 1981 Very few usersif anymake their analyses on delivered datasets using OSIRIS. Instead most users in Denmark use SPSS or SAS. To the user the OSIRIS codebook produces only a printed codebook. The abihty of software programs to read system files from other packages has appeared to be quite unstable. With every new release and every new operating system platform this conversion often proves to be the tricky part.
1971
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However, with the OSIRIS codebook being a machine-readable variable documentation it is possible to convert the documentation file without affecting the data file. The rigid format of the codebook makes this a relatively straightforward process.
Presently the DDA uses a micro computer program called OSI-SPC" for doing the conversion. The idea is to leave the data file unaltered. The same data file can be described by both OSIRIS, SAS and SPSS. The user then receives the OSIRIS documentation and the data file, and with the help of the conversion program, the user is able to convert the documentation to the preferred package. And the conversion will produce a SAS-program or SPSS-controlcards, which the user would otherwise have had to write himself. SAS setup generated by OSI-SPC The development of OSI-SPC is pan of the archive policy. The OSIRIS codebook format is used because of its unlimited capabilities for storing text description. With the help of conversion program(s) the needs of the users of the future can be fulfilled as well. To support new analysis packages we need only to make adjustments to the software (contrary to developing a new conversion program) to stay in pace with the development of new software packages.
Documentation retrieval
I reckon that all archives make use of some kind of retrieval system (possibly many systems) in order to search and identify datasets of interest to the users. At the DDA we have made several systems at the dataset level as well as at the variable level.
The system used for searching study description excerpts (DDAGUIDE) has the most extensive documentation and it is the Summer 1991 only system available to outside users. DDAGUIDE is running on a mainframe host''', and uses a dialect of the Common Command Language (CCL, promoted by the EEC). Retrieval at the study level is the first step in searching for a suitable 
DDAGUIDE retrieval in study descriptions
This request can be regarded as a construction of 4 sets, which are all combined (with logical AND) in a resulting set (possibly empty). Normal Boolean logic (AND, OR, ANDNOT) can be applied for building new sets. The result is a vector of study numbers, and then the codebooks for these studies must be searched to secure that they contain variables that come close to the user's need.
Dissemination of studies
At present studies are distributed to the user by means of many different media: mainframe taf)es, diskettes, and electronic network as preferred by the user. Compared with the situation only a few years ago a lot of the analysis is now taking place on micro computers, and consequently many users prefer the data to be delivered on diskettes.
The Pressing Need for more effective Servicing
The growing demand for delivery of studies forces the DDA to make the retrieval and selection as well as the practical dissemination more effective. In this chapter I shall take a look at the present technical obstacles that make the service less effective.
Both the retrieval and the dissemination are carried out at the DDA and require a lot of manpower at the archive. About 25 pet. of the work of the archive is devoted to servicing'^and because of the growing rale of data deliveries this number is expected to increase. Because no extra funding is available the success of data deliveries will drain the potential for processing new studies to becoming available in fully documented form. It is thus a necessity to make the retrieval and dissemination procedures more effective.
More effective retrieval tools
The present retrieval tools suffer from the following drawbacks: Having several poorly integrated and sometimes individual retrieval facilities makes it more than a one-man-job to select the appropriate studies. Using DDAGUIDE will narrow the number of studies to be investigated further, but these studies will have to be scrutinized at the variable level. This means that the codebooks must be searched, but at present no system is available for searching the codebooks, therefore the most obvious choice is to ask the people at the archive responsible for the selected studies. Secondly, some studies (series of studies like Gallup polls etc.) have some extra machine-readable indexing of variables, but these indexes are not integrated into the codebooks and are made by a third person. This shows poor integration and a massive use of manpower, which eventually introduces the risk of performing erroneous retrieval.
The solution is fu^t to integrate the index with the codebooks. The retrieval of codebooks must then be integrated with the retrieval of study descriptions. It ought to be possible to select a set of studies at the study level. Furthermore the variables of these studies should be searched within the same system. Superficially there is not much difference whether the unit of retrieval is a study or a variable. But this proves to be wrong, as this example illustrates'*:
SETl:
Housing SET2: City 1 AND 2: Variables with both "Housing" and "City" VAR: found within the same single variable STUDY: found 2 variables within same study Combination (AND) of retrieved variables A retrieval system for codebooks has to have a kind of extra parameter to distinguish whether the combinations of variables take place at the variable level (both subjects found within the same variable) or at the study level (two variables covering both subjects found within the same study).
Updating text databases presents major problems. Adding new studies or variables is no problem, the obstacle exists in replacing a text entry. This is caused by the most used algorithm where the actual text is subdivided and scattered throughout the data base. The simplest solution is to build the data base from scratch every time replacement or updating is required. This demands computing power, which in turn is becoming still less expensive. Earlier retrieval data bases were typically placed on large mainframe hosts. The performance of recent microcomputers makes this kind of machine a perfect choice for the integrated retrieval system.
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Unfortunately an integrated system for retrieval at both the study and the variable level is not available at the DDA at present Some of the designmostly in the form of wishful thinkingis presented in this paper, but the actual development requires funding. We are not so stubborn as to insist on making this development. Presently we have not come across a system fulfilling our demands, but we try to experiment with systems and we are looking forward to the perfect system being presented. Also a lot of archives must be investigating into the same problems, so maybe a more integrated and common effort is required to reach the goal.
Bringing the Data to the User If we assume that the user has decided on which studies he wants, the distribution of studies to the user can take place in a lot of different ways.
Presently the DDA places the studies on the requested medium (diskettes, mainframe tapes or using electronic mail). This demands active work from the employees at the DDA. But in addition to sending data to the user there exist several other distribution methods that require a more active role of the user.
Mainframe in network (E-mail)
Bulletin Board Service Diskettes, magnetic tapes, CD-ROM Distribution media
Mainframe in network
If the users are all connected to the same machine the solution is simply to place the archive files on this computer. This is the solution of campus-archives, but it is seldom efficient for archives with national coverage. However, as mainframes are being connected with networks this solution has turned out to be a big success. Viewed from the ICPSR, access through network (CDNet) in 1989 "accounts for almost three quarters of the ICPSR data orders"'"'. The success is totally depending upon the users' access to, knowledge of and familiarity with the networking procedures. Although the DDA is the national data archive for Denmark, in a lot of respects it would be a great mistake to compare the DDA and the ICPSR. In this context the big difference is that the ICPSR is serving trained staff at member institutions. This staff is then handing out the data to the users, which on their side are accustomed to using the campus computer. At the DDA we are serving the user directly.
The users are using a lot of different mainframes and are seldom aware of nor interested in the networking techniques. Bulletin Board Service All the users can be expected to be using some kind of micro computer. It would seem rational to make the data archive holdings available on a remote basis for PC-users. The most common form to be utilized is then running a Bulletin Board Service (BBS) with download facilities. However, most of the users can not h>e expected to possess the necessary technical facilities (especially modem connections). As a side effect, the investigations into BBS have drawn our attention towards data compression techniques. In a recent BYTE article comparing data compression software'* the virtue of data compression is seen as a saver of space on the hard di.sk, but for long the greatest potential for data compression has been the dissemination of data via BBS by modem (normal modem without built-in data compression facilities). However, the data compression technique is fully apphcable to diskettes. This example shows what is saved by using the PKZIP" data compression: Due to the limited variation of the bytes in the data file the compressed data file gains 86 percent of the space required by the original file. This means that a file that is too big for a single one of the largest diskette formats available (IBM 1 .44 Megabytes) will now fit an old floppy disk (360 Kilobytes). The ZIP-file is converted back to the original format by an unpacking program. To make sure that the user will be able to unpack the ZIP-fileeven if the user does not possess the UNZIP programthe ZIP-file can be extended to a self-unpacking program (an EXE-file produced by the ZIP2EXE program). This will cost around 30.(X)0 bytes. Furthermore there exists a family version (a program that is capable of running both under DOS as well as OS/2), so the produced EXE-file can be unpacked in any of the two environments.
By using the most common baud rate (24(X) baud) it would take approximately 20 minutes to download the EXE-file.
Diskettes with data compression
Presently data compression combined with the mailing of diskettes seems to be the best alternative for the dissemination of a minor collection of studies to users:
using difTerent mainframes neither confident with the use of electronic networking nor with the use of BBS using micro computers (DOS or OS/2) User profile for using data compression and diskettes
The Data Archive on a Disk (CD-ROM^»)
The real potential of a data archive lies in the user's opportunity to perform comparative analyses on more than a single study. This means that most secondary analyses will need several studies, and that a single diskette will prove insufficient A radical solution would be to put the complete archive on a disk which could be distributed. This has become relevant with the marketing of optical disks. Also WORM-disks exist in a lot of different and incompatible formats. But with the growing number of CD-ROM players the CD-ROM medium seem to be the standardized and perfect solution for bringing out the archive to personal computers.
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The CD-ROM is available for both OS/2 and DOS"
CD-ROM holds about 640 Megabytes of memory"
The number of CD-ROM applications is rising
The number of CD-ROM players is rising
The media is read-only
CD-ROM figures
Normally read-only media are thought of as some kind of second class media, but read-only is the perfect attribute for the stable archive data. In this chapter I shall present some storage considerations as well as some different viewpoints on the implementation of a CD-ROM solution.
600 Megabytes is still a limit
User benefits and demands
Depositors' reactions
Archive staff reactions
Cost of production Implementation of CD-ROM Is 600 Megabytes enough?
Lets take a look at the size of data stored at the DDA. In the following table the unit is files archived at the DDA. But each file is in addition weighted with the number of bytes that it occupies. Totally we are talking about 5398 files occupying 2953
Megabytes or 3 Gigabytes. The main archive is placed on mainframe tapes.
Each file belongs lo one of the categories: Finished, Process (being processed, i.e. an intermediary file that is stored for extended security) or Original (the file received). Likewise each file also belongs to one of the package-categones (OSIRIS, SPSS or SAS) and finally the file contains either DATA or documentation (DICT/DICB/MISC)".
Of these files only a small fraction of the 3 Gigabytes are of interest to the CD-ROM project namely studies finished and Bringing retrievable documentation to the user For each study the documentation should be available to the user as well. But the userand the archive staffneed a retrieval system integrating the documentation at the study level as well as at the variable level as mentioned above. The retrieval demand is the reason for setting aside some free space on the CD-ROM for the distribution of retrieval software, indexed files, and other assisting materials. Even though a CD-ROM caii hold a lot of information there is no guarantee that the user has similar abundance of space available on his hard disk. Often the user will need only selected variables from a study. In addition to this type of selection, the user should have the option of transferring the background variables. This calls for the possibility to mark off the background variables in the documentation. Apart from hardware limitations there may be some software limitations" too. A lot of patience is required when building datasets with a great number of variables on a PC^.
Retrievals may become quite complicated, so it is a necessity that the user is given the possibility of tracking down the searches and combinations. A log will provide documentation of the actual reuieval for documentation. Similarly a session should be able to start off where a previous session was left.
The line-mode CCL search syntax is developed for dumb terminals. But the increased use of micro computers has accustomed users to more intuitive search systems. Many search systems now employ pull-down menus as well as windowing systems". The graphic user interface standardized in IBM's CUA^uses radio buttons, push buttons, check boxes, list boxes etc. as well. At present I have no knowledge of the CUA standard used in an actual implementation of retrieval software, but probably it has already been marketed.
As most users are conservative about learning new computer languages for analysis it should be possible to convert the documentation to the user's preferred package as exemplified earlier in this paper. An integration of a (new) analysis package could be counter productive for the user and would definitely involve some further costs.
No answer to questions like:
"When was the proportion of Social Democrats among men higher than among women?"
Analysis can be carried out in other processes (OS/2) With the analysis package preferred by the user Analysis package separated from retrieval
Depositors reaction
The studies stored at the DDA are not all directly available to the user. Although the data are placed at the archive, the depositor still has the formal rights to the material, and the depositor has the possibility of assigning access categories to the dataset. The access categories are assigned to the data only, the documentation is always available without special permits. One solution to this problem would be to incorporate only studies without access restrictions (the first three categories) in the BID-projecu As this would be a dramatic solution it is not advisable. Another solution would be to work for a transfer of all studies to the category of free access. But this work has already been carried out in so far that most studies after a while are transferred to a less restrictive category. But even though the data are freely available, the depositor (the access directing authority) is presently being informed of whom the datasets are disseminated to. All in all this implies some kind of password, so that it will be possible for the user only to access files that he has been positively assigned to.
The password ought to be distinct for every combination of user and dataset. But user information can not be placed on the CD-ROM, and the password would then have to be distinct only for the dataset As dataset protection passwords are not a standard feature of the operation systems for micro computers, the passwords would be implemented in the form of a key for the encryption of the data file. A user would then be able to pass-on the key to other users. This shows that the security is not perfect, but then it does not have to be perfect. The same thing is hapf)ening now, when a few users are actually distributing the data they have received from the DDA. This is in contradiction with the agreement between the archive and the user and therefore illegal. But unless the analysis system is an integrated part of the retrieval system the spreading of data can not be prevented.
Passwords for combination of user and study
Encryption of study Delay in data processing
Serious delay in analysis
Obstacles of access categories But every restriction introduces drawbacks for the user. First of all the data would have to be both decompressed and decrypted unless a program would be able to do this in a single pass. Secondlyand most seriouslythe user would have to contact the archive to receive permission. This would delay the actual analysis by several days for the studies placed in the most restricted categories that requires the interaction of the depositor.
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As proven above it is impossible to totally prevent the "pirating" of data. And in my opinion it should be legalized and encouraged. The data and documentation of social science researchwhich in Denmark is most often funded by the Stateshould be regarded as public property. Any use of machine-readable material should imply the same consideration as the use of otlier sources of material. This means that all sources should be quoted, and at the same time the original investigators given credit.
"Piracy" encouraged
Sources quoted
Original Investigators given credit
The future of free information Archive staff reaction
The BID system is intended for the user. But the system should be used at the archive as well. At the archive it would be possible to maintain a more updated version in order to give access to the newest studies.
It must be foreseen that some staff work would be transferred into giving advice on the use of the BID CD-ROM system. But a major part of the present service work at the archive would disappear and leave more resources for bringing up studies to the highest documentation level.
Cost ofproduction
The production costs of CD-ROMs have gone down very fast over the last year. Recent announcements mentions prices as low as 30.000 DKr^' for the total production of 300 CD-ROMs. The cost would be expected to be even less in the US. But recently a figure of USE 10.000 (70.000 DKr) for the complete process has been mentioned'".
Data preparation
Retrieval software The difference in pricing is caused by the exclusion or inclusion of some steps in the process. The low costs are obtained if you simply have some files and want them available on a CD-ROM. The receiving company will then do the mastering and pressing of the disks. So this is comparable to the actual printing costs.
If all data and documentation are available the expensive process will be to develop or apply retrieval software. Ready-made retrieval tools for CD-ROM production are available. For companies using computers the software can be acquired, indexes constructed, and the system tested locally. The technical requirements are a medium-sized PC, lots of disk space (maybe optical) and some sort of medium for copying the laige quantities of data lo the mastering company (tape).
Do not forget that software is under the law of copyright. This means that although you can locally set up a nice system using the software, you are not allowed to put the retrieval software on the CD-ROM. A licence or royalty fee is required in order to distribute the retrieval software to the users.
